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PREFACE 


This report is a documentation of the Santa Clara Valley Water District’s 
hydraulic routing of storm runoff from Adobe, Barron and Matadero Creeks through the 
Palo Alto Flood Basin into San Francisco Bay. The District used the computer program 
"Flood", which was written in the early 1970's to analyze the routing. This report 
supplements two Water District reports, one written in 1976 entitled, "Hydrology 
Documentation for Northwest Flood Control Zone" ^ and another written in 1984 
entitled, "Palo Alto Flood Basin Hydrology, Comments on City of Palo Alto's Independent 
Study". ^ Since the primary function of this report is to document the hydraulic 
analysis that the District used to determine how the water accumulates and leaves the 
basin, it does not address the hydrologic analysis that was used to determine the design 
inflow to the basin. 

The Palo Alto Flood Basin drains into San Francisco Bay by gravity through fifteen 
five by five-foot District tide gates and one City of Palo Alto sluice gate located at the 
north end of the basin (see Figure 1). The basin will drain when the elevation of the 
water in the basin is higher than the water in the Bay. The gates do not allow saltwater 
to flow back into the basin, with the exception that the City gate does allow this 
backflow for salt marsh management purposes when the elevation of the water in the 
basin is below -2.0 feet NGVD (NGVD - National Geodetic Vertical Datum). For this 
reason, the flood basin model assumes no available flood control storage below elevation 
-2.0 feet NGVD. 

The basin is modeled as a detention basin, that stores floodwaters until the tides 
are low enough to discharge into San Francisco Bay. 

The desired end result of the analysis is to determine the maximum water surface 
elevation in the basin that can be expected from a 196 flood. This elevation is needed to 
design the height of the levees necessary to store the storm waters. 
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In this report, the hydraulic assumptions used by the District are compared in 
some cases to those used by the City of Palo Alto's consultant, Linsley, Kraeger 
Associates who performed an independent hydraulic analysis of the basin. 

Since the report contains technical hydraulic terms with which the reader may not 
be familiar, a glossary of such terms may be found at the end of the report. 

The production of this report required the services and contributions of several 
staff members within the District. Major contributions to the model description were 
provided by Mrs. Jeanette Micko. Assembly and a comprehensive review of the data and 
text were provided by Abdullah Saah, Bill Hoeft, and Scott Theis. 
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MODEL DESCRIPTION 


Introduction 

A computation of the water surface elevation in the basin is based on the 
assumption that the change in storage over a certain time interval is equal to the inflow 
(flow into the basin) minus the outflow (flow out of the basin). Outflow from the basin 
through a tide gate structure is not constant but is dependent upon water surface 
elevations in the basin and tidal elevations outside of the tide gates. 

Program Input 

It is necessary to input certain basin characteristics and other information that 
will control how the program computes water surface elevations in the basin. 
Specifically, these inputs are - the tide cycle within San Francisco Bay in feet of 
elevation; the inflow hydrograph representing storm flows from Adobe, Barron, and 
Matadero Creeks in cubic feet per second; the storage elevation curve that describes the 
basin capacity with the volumetric storage in acre-feet versus the basin elevation in 
feet; the discharge coefficients which describe the flow through the gates; the initial 
basin storage along with its associated elevation. A sample of the necessary input is 
found in Appendix III. 

Computation of Basin Elevation 

The computation of the basin water surface elevation is based on the formula: 
dS/dt = I -O. This equation stated that the change in storage (dS) during an incremental 
time element (dt) is equal to the inflow rate minus the outflow rate. In this case, dS/dt 
is the change in storage over a differential time element, I is the inflow provided by the 
inflow hydrograph and O is the outflow. The numerical solution method used starts the 
calculations of basin water surface elevation and the predictor-corrector method is used 
to continue the calculations for a better fit to the real value. A detailed description of 
the numerical solution method is enclosed in Appendix I. 
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The outflow from the basin, 0, is modeled as either weir flow or orifice flow 
depending upon the water surface elevation in the basin. To determine if the tide 
elevation influences the quantity of outflow leaving the basin, a test for submergence is 
included in the program. There are times when the tide elevation is low enough not to 
influence the outflow. Appendix II contains a detailed description of the methodology 
the program uses in computing the outflow, O. 

Program Output 

Program output lists all the input values and tabulates the time in hours, inflow 
(cubic feet per second), outflow (cubic feet per second), storage (acre-feet), basin 
elevation (feet), and tidal elevation (feet). The maximum basin elevation for each run, of 
a particular tide and inflow combination, is found in the column entitled "Basin 
Elevation". Appendix III also includes a sample of the output. 
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(A) Type 1 - Lower high water followed in order by lower low water, higher high 
water and higher low water (LH-LL-HH-HL) and; 

(B) Type 2 - Lower high water followed in order by higher low water, higher high 
water, and lower low water (LH-HL-HH-LL). ^ 

Both ascending and descending series of higher high water tide cycles occur during 
each month with almost equal frequency. The higher high water will ascend to higher 
elevations in a series of tide cycles until a high point is reached. At this point, the 
higher high water begins to descend in each following tide cycle in the series. Refer to 
Figure 2 for a sketch of these various patterns, cycles and sequences. 

The District arbitrarily chose to use a descending tide sequence and Type 1 
pattern. 

Timing of the Tide Cycle 

The third and final aspect that must be addressed relative to tide is the point 
within the tide cycle that the flood basin inflow hydrograph starts. In the District's 
model for a given tidal cycle and inflow hydrograph, it is possible to generate different 
basin elevations depending on when the inflow hydrograph begins in the tide cycle. The 
District has chosen as its design water surface elevation the maximum basin elevation 
that results from the 75 separate computer model runs which begin the inflow hydrograph 
at 75 successive hourly points within the tide cycle sequence. This is accomplished by 
shifting the tidal sequence which results in varying the starting time of the inflow 
hydrograph in one hour intervals and producing 75 different routings through the basin. 
The range in resulting basin elevation varies from a maximum of 5.7 feet NGVD to a 
minimum of approximately 4.0 feet NGVD (see Appendix £> , Figure A). 

Discussion 

In examining the District's model through a series of sensitivity analyses, one 
question we have attempted to answer is how much variations in the sequence and the 
pattern of the tides will affect the maximum water surface expected in the basin. 


35R5 903 


4 





TIDAL PATTERNS, CYCLES AND SEQUENCES 




The results of the District's sensitivity analyses related to this point are shown in 
Figures B and C in Appendix D and F. In general, the model is not sensitive to a change 
in the tide pattern and sequence. 

Discharge Coefficients 

The District has chosen to model the gated structure by using a different 
discharge coefficient for each of two possible cases of outflow. 

The first outflow condition is when the outflow does not fill the entire gate 
opening. In this case, the flow is modeled as weir flow with a discharge coefficient equal 
to 2.90. The District's value of 2.90 is approximately at the midpoint of a range of 
values (2.34 - 3.32) provided in King's "Handbook of Hydraulics" (Table 5-3) ^ for 
broadcrested weirs. The District chose to use 2.90 in its determination of a design water 
surface elevation and then check its effect by varying it in a sensitivity analysis. The 
effect on the final design water surface was found to be negligible in the sensitivity 
analysis, refer to Appendix F. 

The other case that is modeled exists when the outflow occupies the entire gate 
opening. In this case, the outflow is computed using an orifice coefficient of 0.5 for the 
value of C in the equation Q = CA-\/gH. 

Partial justification of an orifice coefficient equal to 0.5 is provided by Chow, 
( 8 ) 

1959. v He states that the discharge coefficient varies from approximately 0.45 to 0.75 

for a culvert that acts like an orifice. The orifice coefficient was also determined by 

using a computational procedure described in a publication entitled, "Design of Small 
(9) 

Dams". See Appendix E for this computation that results in an orifice discharge 
coefficient of 0.51. In both of the cases, an attempt was made to account for losses 
associated with the trashracks, gates, contractions and expansions. 

Sensitivity analyses were performed on both the weir and the orifice coefficient. 
When the weir coefficient was decreased from 2.9 (the District's value) to 2.55 (an 
approximation of Linsley's value), the maximum water surface in the basin did not change 
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(compare files IKTJK3 and IKTJK7 in Appendix F.). When the orifice coefficient is 
increased from the District's 0.5 to 0.8 (an approximation of Linsley’s value), the 
maximum basin water surface elevation dropped 0.8 feet (compare files IKTJK3 AND 
IKTJK2 in Appendix F.). 
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ADDITIONAL SENSITIVITY ANALYSES 


Introduction 

The purpose of sensitivity analysis is to determine how sensitive the elevation of 
the water surface in the basin is to variations in certain parameters. The following 
analyses were done in addition to those already mentioned (see Appendix VI for a 
summary table of all sensitivity analyses). 

Inflow Hydrograph 

When the inflow hydrograph's peak is reduce from 6,992 cfs (District's peak) to 
5,468 cfs (Linsley's peak value) and all other inflow values are reduced proportionally, the 
maximum water surface in the basin decreases approximately 0.8 feet when routed 
through the District's model (refer to Appendix IV, Figure C, for a graphical 
representation of this analysis). 

Orifice Coefficient 

As mentioned in a previous section entitled "Discharge Coefficients", the 
maximum basin elevation decreases up to 0.8 feet when the orifice discharge coefficient 
is raised from 0.5 to 0.8. 


Starting Place in Tide Cycle 

Depending upon where in the tide cycle the inflow hydrograph begins, the resulting 
basin elevation can vary up to 1.9 feet. . This indicates that the timing of the storm 
relative to the tide cycle is critical in determining the resulting basin elevation. 

Pattern and Sequence 

Changing the tide pattern from LH-LL-HH-HL to LH-HL-HH-LL and 

simultaneously changing the sequence from a descending tide to an ascending tide 

resulted in a 0-4-foot increase in the water surface elevation in the basin. This result 

can be observed graphically by comparing the peak basin elevations plotted in Appendix 
IV, Figures A and B. 
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GLOSSARY OF TERMS 


Discharge Coefficient - (C) used to compute amount of flow leaving the basin. Used in 
these equations: Qw = CH^; Qo = CA (2gH) 

Hydrograph - a plot of streamflow versus time. 

Hydrologic - of or relating to hydrology. 

Hydrology - the study of water on the surface of the land, in the. soil and underlying 
rocks, and in the atmosphere, particularly with respect to evaporation and 
precipitation. 

Hydraulics - a branch of science that deals with practical applications of water or other 
liquids in motion. 

Loss Coefficient - (K) used to compute minor losses. Used in this equation: K (V^/2g). 

NGVD - National Geodetic Vertical Datum. 

Orifice - opening with closed perimeter through which water flows. 

Tide Cycle - one complete period of the reversal of high and low tides. 

Tide Gate Structure - structure used to separate the tidal waters of the Bay from the 
basin. 

Tide Pattern - particular succession of high and low tides within a tide cycle. 

Tide Sequence - particular succession of tide cycles. 

Wave Run-up - vertical distance above still water that a wave runs up the containment 
levee. 

Wave Set up - tilting of the water surfae over an entire body of water. 

Weir - a notch in a levee or other barrier to regulate the flow of water. 
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APPENDIX A 


"NUMERICAL SOLUTION METHOD" 

This program uses the Runge-Kutta method to start the calculations and the 
predictor-corrector method to check the calculations for a better fit to the real value. 
The equation to be solved is dS/dt = 1-0 where dS/dt is the change in volume over a 
differential time increment, I is the inflow and O is the outflow. A more complete 
discussion of the Runge-Kutta method may be found in "Numerical Methods with Fortran 
IV Case Studies". 

The initial conditions are given as a starting point. The basin is assumed empty. 
The initial value for the basin elevation is -2.00 feet NGVD which is the depth the basin 
is maintained during the winter setting of the Palo Alto tide gate. The available storage 
is zero. The given conditions are: initial time is equal to zero, t (0) = 0; initial storage is 
equal to zero, S (0) = 0.00; minimum storage equals 25.0 acre-feet, Smin = 25.0; time 
increment equals 0.10 hours, DELT = 0.10; epsilon equals 0.01, EPSIL = 0.01; printout 
time equals 1.0, POT = 1.0; maximum time of integration equals 100.0 hours, TMAX = 
100.0; time of integration equals 24.0 hours, TN = 24.0; maximum number of iterations is 
100, MAXIT = 100. 

The computer solves the first-order Runge-Kutta equation (predictor) S (n+1) = 
S(n) + DELT* (I (n) -O (n) )*0.082644. S (n+1) is the storage at time (n+1). S n is the 
storage at t n. DELT is the incremental time from t (n) to t (n+1) set at 0.1 hours in 
these studies. I (n) is the inflow at t(n). The factor 0.082644 converts the inflow and 
outflow from cubic feet per second to acre-feet of storage. This equation uses the 
information at the current point, t (n), to predict values for the next point, t (n+1). The 
basis for the Runge-Kutta method is that the computer determines the slope at the 
current point and extends that constant slope to the next point. Since the slope is not 
constant, the Runge-Kutta method introduces error. This method gives us the first guess 
of the next storage, S (n+1), value. 
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The corrector is the first-order equation for the predictor-corrector method. The 
predictor-corrector method requires knowledge of three points. It uses the computed 
values at t (n), the predicted values at t (n+1) determined by the Runge-Kutta method or 
the previous predictor-corrector calculation, and the corrected values at t (n+1) 
determined by the corrector equation. The corrector equation is S (m+1) (n+1) = S (n) + 
(DELT/2) * (I (n) - O (n) + I (m) (n+1) - O (m) (n+1))* 0.082644. S (m+1) (n+1) is the (m+1) 
approximation of the next storage (S (n+1)) value at t (n+1). S (n) is the already computed 
storage at t (n). DELT is the time increment of 0.1 hours. I (n) is the computed value of 
the inflow at t (n); O (n) is the computer outflow at t (n); I (m) (n+1) is the predicted 
inflow at t (n+1); O(m) (n+1) is the predicted outflow at time t (n+1); and the constant 
0.082644 changes-the flow rates to storage in acre-feet. The variable m is the ITER or 
iteration counter set at a maximum of 100 as an input variable for the predictor- 
corrector method. Everytime the error criteria are not satisfied, the m counter adds 
one. The corrector value S(m+1) (n+1) becomes the predictor value S(m) (n+1) until the 
error criteria are met or the number of iterations exceeds the input value for ITER. 

Note that the corrector equation averages the values at time t (n) and t (n+1). 
The mathematical basis is that the slopes at both points are averaged so the incremental 
time element is multiplied by the average of the inflow minus the outflow for the two 
times. In determining the area under a curve, the average of the y-values (the inflow 
minus the outflow) is multiplied by the incremental x-value (the incremental time). The 
repetitive process reduces the error. The process cannot begin with the Runge-Kutta 
equation. 

The error criterion, EPSIL, is used to compare the last two values, the predicted 
and corrected values, both at time t (n+1). If the Runge-Kutta equation (the predictor) is 
within the error limitation of the corrector, the program uses the corrected value as the 
computed storage, (S (n+1), value. If however, there is too much error, the program uses 
the corrected value as the predicted value and tries again. 
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Since the storage values are not constant but increasing during the flood time, the 
error is limited by comparing the difference between the predicted and corrected values 
of storage and dividing by the corrected value of storage: (Absolute value (S (m+1) (n+1) 
- S(m) (n+1))/Absolute value (S(m+1) (n+1))) < EPSIL. The value of EPSIL used in this 
program is .01. This means that the allowable difference between the predicted and 
corrected values is less than 0.01 times 4,610 acre-feet (the value at elevation 7.00 feet 
NGVD) or 46 acre-feet which is at a water surface elevation in the basin of 0.08 feet 
NGVD. The maximum error in the predictor-corrector is less than approximately plus or 
minus 0.1 feet. 
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APPENDIX B 


"COMPUTATION OF OUTFLOW" 

Outflow from the basin is modeled as either weir flow or orifice flow depending 
upon the basin's water surface elevation. Figure 4, on the next page, is a flow chart that 
describes the numerical steps taken by the program to compute the outflow, O, through 
the gated structure. The critical elevation in the basin that determines whether the flow 
will be modeled as weir or orifice flow occurs when the depth of water above the gate 
invert is 1.2 times the height of the gates. ' In the case of the Palo Alto Flood Basin, 
the invert of the gates is at an elevation of -4.8 feet NGVD and the gates are five feet 
tall, resulting in a basin water surface elevation of 1.2 feet NGVD. Basin elevations 
equal to or below 1.2 feet NGVD are modeled as orifice flows. In either case, if the 
elevation of the basin is less than or equal to the elevation of the tides, (If (EB - ET)^ 0), 
the tide gates are closed and the outflow is zero (F3 = 0). Also, if the elevation of the 
basin is less than or equal to the invert elevation of the tide gates (If (EB-4.80—0), the 
outflow is again zero. The following paragraphs will discuss the computational procedure 
for weir flow and orifice flow, respectively. 

For basin elevations below 1.2 feet NGVD, the weir flow equation, Q = 
(PAIR)(CF1)(W) (EB - EG)*^, is used to compute the discharge from the basin. In this 
equation, PAIR refers to the number of pairs of gates, CF1 refers to the weir coefficient 
chosen (in our case, 2.90), and W refers to the width per pair of gates (in our case, 10 
feet). The District assumes that the flow will be exiting through all 15 gates plus the 
sluice gate, which is treated as if it were a flap gate. The variables EB and EG refer to 
the basin elevation and gate elevation respectively. The flow chart continues from here 
by checking for submerged flow. To qualify for submerged flow, the submergence must 
be greater than two-thirds of the upstream head. First, the submerged flow depth is 
equal to two-thirds of the upstream head of the weir DC = (EB - EG)/1.5, where DC is 
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the submerged flow depth). Refer to Figure 5 on the next page for a description of the 
variables involved. The elevation of the submerged depth is the submerged depth plus 
the elevation of the invert of the tide gates (EDC = DC + EG, where EDC is the elevation 
of the submerged depth). Now that the depth of submergence has been determined, the 
difference between the elevation of the tide and the submerged depth elevation is 
compared to the submerged depth. The test is written: IF 3 x (EDC -ET) - DC<0, the 
weir is submerged. For submerged flow, the equation is: Q/Ql = (1 - (H2/H1) 1*5)0.385 
(P.5-19, Kings Handbook of Hydraulics)/ 7 ' The value of Q has to be determined. Q1 is 
the free flow value. 

The program assigns the variable R to H2/H1, which is the head on the weir (or 
the invert of the tide gate) on the downstream (bay) side of the gate divided by the head 
above the weir on the upstream (basin) side of the gate. The program also checks R to 
make sure that R is greater than 0, because negative values could occur when the tide is 
lower than the invert of the tide gates. A negative value would increase the flow and the 
submerged flow should be less than the free flow. If R is less than or equal to zero, the 
outflow will revert to the free flow condition which has already been determined. If R is 
greater than zero, the free flow outflow (Ql) is reduced; the resulting equation is Q = Q1 
(1 - (R) 1 * 5 ) 0 * 385 . 

Once again referring to the flow chart, Figure 4, the orifice flow check is 
satisfied when the elevation of the basin is greater than 1.2 feet NGVD. The difference 
in head between the upstream side of th tide gates and the downstream side of the tide 
gates is the next check within the flow chart. For orifice flow from a reservoir, the head 
(in this case, the head on the basin or upstream side) is measured to the midpoint of the 
opening (in this case, the midpoint of the tide gates). The velocity in the reservoir 
upstream of the tide gates is assumed zero. 

There are two possible conditions, the tide can be higher or lower than the 
midpoint of the tidegates. If the tide is higher than the midpoint of the tide gate (higher 
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than -2.30 feet (NGVD), the equation (ET - EG - D/2) is positive and the head difference 
between the upstream of the tide gates and the downstream of the tide gates is the 
difference between the elevation inside and outside of the basin. ET is the tidal 
elevation. EG is the invert elevation of the tide gates. D is the height of the tide 
gates. This is simply the difference between Z1 and Z2 in the Bernoulli equation. This 
satisfies the condition of submerged flow, refer to Figure 6. 

The other condition is if the tide is lower than the midpoint of the tide gate (lower 
than -2.30 feet NGVD). This is free flow and the head is the difference between the 
reservoir elevation and the midpoint of the orifice (tide gate). In this case, the equation 
(ET - EG - D/2) is less than zero and the head is determined by the equation H = EB - EG 
- D/2. 

In both cases, the head is checked to make sure that it is positive. A negative 
head would mean that water would be flowing into the basin, and the model is trying to 
compute the outflow. If the head is less than or equal or zero, the outflow is zero. The 
tide gates are closed, and no water can exit. The basin continues to fill if the inflow 
hydrograph is not zero. If the head is greater, than zero, the outflow is expressed by the 
equation F3 = (PAIR)(CF2)(4)(H) 0 ’ 5 - H is determined by the previous equations; the area 
of the two tide gates is given, and the number of pairs of tide gates is given. The 
dimensions of each tide gate are 5.0 feet by 5.0 feet, resulting in a 50.0 square foot area 
for each pair of gates. The orifice flow equation is commonly written as: Q = CA 
(2gH)*^. In this computer model, the constant CF2 represents C(2g)^^, where C is an 
orifice discharge coefficient and g is the accerleration due to gravity. 
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INPUT VARIABLES 


CONSTANTS 

0.1 = DELT = Time increment. 

0.01 = EPC1L = Error Criterion. 

100 = TMAX = Maximum number of hours the program runs unless stopped by 

other limitations. 

24 = TN = Time of integration which is approximately the length of the storm. 

100 = MAXIT = Maximum number of interactions used to calculate the 

differential equation. 

INITIAL 

0.0 = TZERO = Starting time. 

290.0 = SZERO = Starting basin storage (changed to 0.0 in Study No. IUC2). 

285.0 = SMIN = Minimum storage when the program can end. 

FLOW COEFF 

2.9 = CF1 = Composite weir flow coefficient. 

4.01 = CF2 = Composite orifice flow coefficient. 

FI TABLE: Storage - Elevation Table 

26 = Total number of pail’s in FI Table 

15.0 = Storage in acre-feet. 

-4.80 = Elevation in feet. 
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F2 TABLE: Tide Cycle 


76 = Total number of pairs in one tide cycle. 

1 = Number of time tide cycle is repeated (changes to four in Study No. 1002). 

0.0 = Time in hours. 

0.00 = Tidal elevation in feet. 

F4 TABLE: Inflow Hydrograph 

78 = Total number of pairs in F4 Table. 

0.0 = Time in hours. 

0 = Inflow in cubic feet per second. 

B SHIFT F2 

1.0 = Number of hours the tide cycle is shifted from the current tide cycle. 

1.0 = Number of hours shifted. 

-1.20 = Tidal elevation at the new starting point. 

NOTE: The input variables must be entered as shown within the format limitations as 

indicated by the program listing. 
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APPENDIX D 

"TIDE SEQUENCES - ASSOCIATED BASIN ELEVATIONS" 
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APPENDIX E 


"COMPUTATION OF ORIFICE DISCHARGE COEFFICIENT" 

A method of computing a single discharge coefficient, C, from several loss 
coefficients, K, is documented in a Bureau of Reclamation publication entitled "Design 
of Small Dams". Chapter X of this book includes an example of how this computation is 
performed for the outlet works of a dam. 

The loss coefficients may be associated with expansions, trash racks, flap gates, 

etc. 

The computation consists of three parts: 

1. Multiplying the loss coefficient by the area ratio for each element. 

Area ration = (Ai/Ax) 2 

Where: Ai = Area of conduit 
Ax = Area of element 

2. Sum the products in Step 1 to obtain a total loss coefficient, 

3. Use the following equation: 

c = ' 

to solve for a single discharge coefficient. 

The accuracy of the results is dependent upon the values of the loss coefficient 
used. Using the loss coefficients proposed by Linsley, a discharge coefficient, C, was 
computed. This coefficient varies with the flow rate because the loss coefficients vary 
also. 

A value of C equal to 0.51 was computed for a depth of 7.5 feet above the invert, 

(see following pages). 
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SAMPLE COMPUTATION 


Depth = 7.5* above invert 
Aj = 25 sq. ft. x 16 gates = 400 sq. ft. 


Elem ent 

k l 

A x (sq. ft) 

K y (Ai/Ax)' 

Trash Racks 

1.03 1 

*358 

1.29 

Wing wall/inlet 

CNJ 

CO 

« 

o 

780 

0.16 

Entrance (soffit) 

0 

(no contraction 

0.0 



(& 7.5') 



0 


0.0 

Gate Opening 

0.6 2 

400 

0.60 

Flap Gate 

.07 2 

400 

.07 

(V = 10 fps) 



Outlet Walls 

0.80 2 

(5.5) (104) 

0.39 



= 572.0 


Wing wall/outlet 

0.80 2 

(5.5)(113) 

0.33 



= 621.5 





K l (Tot.) = 2.84 

C = 

/ 1 ' 

1 

V K L(ta)=l 

\J 2.84+1 



C = 0.51 


1. Computation of on next page. 

2. Values obtained from King's "Handbook of Hydraulics". 


* Assume 50% of opening blocked by algae/debris. 
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SAMPLE COMPUTATION 
(continued) 

Trash Racks - (Sample computation of minor loss, K^). 

K l = 1.45 - 0.45 (An/Ag) - (An/Ag 2 ) 2 
A n = Net area of flow = Ag-A bars 

A =104" x (D) D = DEPTH (104'wide does not account for flow through 

® the front face of the vertical supports) 

A bars = bars/opening x (.25"/12') x D 

Afaars = (t* 08 x S< 1- P er opening. 

Exam pie 
D = 7.5' 

Ag = 780.0 sq. ft. 

Abars = 8 * 18 sc 3* ft* x 8 openings = 64.80 sq. ft. 

A n = 780.0 sq. ft. - 64.80 sq. ft. = 715.20 sq. ft. 

Cut net area in half (debris & algae) 

A n a 357.60 sq. ft. 

K l = 1.45 - 0.45 (357.6/780) - (357.6/780) 2 

K l = 1.03 
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APPENDIX F 


"TABLE OF SENSITIVITY ANALYSIS" 


File 

Name 

Peak 

Tide 

Sequence 

Patt 

“Hydrograph 
Peak (cfs) 

IKTJIC1 

*4.6 

Desc 

LL-HH. 

.. 6992 

IKTJK2 

4.6 

Asc 

HH-LL. 

• • 



Discharge Coef. 


IKTJK3 

IKTJK4 

IKTJK5 

IKTJK6 

IKTJK7 

IKTJK8 


4.6 

4.6 

4.6 

4.6 

4.6 

4.6 


IKLBK1 *4.6 
IKLBIC2 *4.6 
IKLBK3 *4.6 


(Linsley, 

Kraeger) 


Desc LL-HH.., 


5500 

6992 


I 


6293 


IKJTK2 4.6 

IKTSK1 6.7 
IKSAK1 
IKSAK2 


6992 

N/A LL-HH... 6992 

6293 (-10%) 
6642 (-5%) 


Weir 


2.90 


2.55 


2.90 


IKJTK1 4.6 Desc LL-HH... 6293 2.90 

| | 6992 I 


2.90 


O rifice 
0.5 

I 

0.8 
0.5 
0.8 
0.5 
0.8 


0.5 


0.5 


0.5 


Npair 

Gates 

8 


16 


\ 1 


r - 

Basin Elevation 

Start 

Max. 

Ave. 

-2, 

0 

5.71 

5.06 



6.08 

5.09 



5.33 

4.18 



5.01 

3.79 



4.75 

3.48 



4.90 

3.95 



5.33 

4.19 

) 

f 

5.22 

4.09 

-2.0 

5.13 

4.54 

-1.0 

5.33 

- 

0.0 

5.43 

- 

-2.0 

1 

5.18 

4.53 




5.69 


5.06 

-2.0 

6.26 

5.56 

-0.5 

t 

5.81 

5.21 



6.14 

5.50 


*These tide cycles were not inputted on an hourly basis 

Desc. - Descending 

Asc. - Asending 

Patt. - Pattern 

N/A - Not Applicable 
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